Biological products of importance in food (f.i. milk) and medical (f.i. donor blood derived products) 12 sciences often correspond to mixtures of samples contributed by multiple individuals. Identifying 13 which individuals contributed to the mixture and in what proportions may be of interest in several 14 circumstances. We herein present a method that allows to do this by shallow whole genome 15 sequencing of the DNA in mixed samples from hundreds of donors. We demonstrate the efficacy of 16
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(data not shown). Anticipating further advances in sequencing technology, we also envisaged a 84 scheme (III) in which both cows and tank milk would be genotyped by SWGS. We found that a 1-fold 85 sequencing depth of the tank milk would be sufficient when combined with a 0.25-fold depth for 100 86 cows, while a 5-fold sequencing depth of the tank milk would be needed in combination with 0.25-87 fold depth for 250 cows and 1-fold depth for 500 cows (Fig. 2C&D ). In scheme III, allelic dosage in the 88 cows is directly measured from the number of alternative and reference alleles in the sequence reads.
89
We further explored the effectiveness of augmenting the cow genotype information from SWGS by 90 imputation (scheme IV). This proved to be effective, reducing the required sequence depth to 0.25-91 fold for tank milk and 0.25-fold for 100 cows, to 1-fold for tank milk and 0.25-fold for 250 cows, and 92 to 5-fold for tank milk and 0.25-fold for 500 cows (Fig. 2) . The previous simulations make a number of 93 assumptions that may not apply in the real world: (i) SNPs were sampled from a uniform distribution 94 (i.e. rare and common SNPs equally represented), (ii) SNPs were assumed to be in linkage equilibrium,
95
(iii) cows on the farm were assumed to be unrelated, and (iv) milk volumes were assumed to be known 96 without error. To more accurately mimic real conditions we repeated the simulations by (i) sampling 97 genotypes from a phased dataset of 750 Holstein-Friesian whole genome sequences (hence properly 98 accounting for true MAF distribution, true linkage disequilibrium (LD) and relatedness -many of the 99 sequenced animals were related as parent offspring, full-or half-sibs), and (ii) adding a normally 100 distributed error with mean 0 and standard deviation of five liter to the simulated milk volumes 101 (normally distributed with mean of 30 liter and standard deviation of 10 liter). This error rate corresponds approximately to that expected when having to estimate the daily milk volume from the 103 total lactation yield using a standard lactation curve (Miel Hostens, personal communication). We 104 assumed in these simulations that the genotypes of the cows were known without error and that the 105 milk was sequenced at a depth ranging from 0.25 to 5 as before. MAF, LD and relatedness jointly 106 had a relatively modest impact on the accuracy of the method, which could be compensated for by 107 increasing the sequencing depth of the milk to five-fold and still allowing for accurate estimates even 108 in farms with 500 cows. Estimating the milk volume with error had a more pronounced impact on 109 the accuracy making it possible difficult to reach a correlation reaching 0.9 in farms with 500 cows 110 ( Fig. 2 ).
112
Real-world application of the proposed method. To test the feasibility of our method in the real 113 world, we first collected cow (blood) and tank (milk) samples from a farm milking 133 Holstein-Friesian 114 cows. When only using genotypes from the Illumina LD arrays (17K SNPs) for both cows and tank milk 115 (scheme A), correlations between predicted and measured SCC were 0.91 (or 0.79 when ignoring one 116 cow with SCC > 3 million). We then imputed the cows to whole genome (13M SNPs) using a reference 117 population of ~750 whole genome sequenced Holstein-Friesian animals, and sequenced the tank milk 118 at ~3.5-fold depth. The corresponding correlations (scheme B) were 0.97 (0.95) when using all 119 sequence information, or 0.96 (0.92) when down-sampling sequence information as low as 0.1-fold 120 depth ( Fig. 3A) . We next performed a similar experiment on a farm milking 520 Holstein-Friesian cows.
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The correlation between predicted and measured SCC was 0.78 (or 0.42 when ignoring 23 cows with 122 SCC > 3 million) when only using information from the LD array for both cows and tank milk (scheme 123 A). When imputing the cows to whole genome (13M SNPs) and sequencing the milk at ~3.5-fold 124 depth (scheme B), the correlation increased to 0.89 (0.83). Down-sampling the sequence information 125 to 0.1-fold depth reduced the correlation to 0.79 (0.57) ( Fig. 3B ).
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As shown in both farms, correlation estimates are affected by SCC spread: small numbers of cows with 127 very high SCC tend to inflate . We therefore computed accuracies, computed as the proportion of 128 correctly classified cows for different SCC thresholds, which is how farmers would likely use the 129 information. It can be seen that for a threshold value of for example 500,000 SCC, accuracies > 0.85 130 were obtained when sequencing (scheme B) the tank milk at respectively 0.1x (133 cows) and 3.5x 131 depth (520 cows). Thus -as predicted by the simulations -scheme A provided adequate precision for 132 the farm with 133 cows, but not for the farm with 520 cows. However, in this large farm, combining 133 SWGS of the tank milk with whole genome imputation of the cows (i.e. scheme B) was indeed effective 134 ( Fig. 3 ).
As costs per bp continue to decline, sequencing is likely to replace array-based genotyping in the 136 future. To test the feasibility of schemes C and D (i.e. genotype the cows by SWGS rather than with 137 SNP arrays, without (C) and with (D) imputation), we collected samples from a farm with 120 Holstein-
138
Friesian cows. All cows were genotyped with the Illumina LD array (17K) as well as sequenced at 139 average 1.08 -fold depth (range: 0.26-1.73). The milk was sequenced at ~3.5-fold depth. The 
171
Implementing the method requires all cows on the farm to be genotyped. This will increasingly 172 correspond to reality as genotyping costs continue to decrease and genomic selection is more and 173 more used for the selection of cows. In 2016 more than 1.2 million dairy cows had been reportedly 
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In many countries, it is not allowed to add milk from cows being treated with antibiotics to the tank.
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As suggested before, the proposed approach can be adapted to verify whether a specific cow did 270 Table 1 271 272
Coppieters et al. 
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The frequencies of imputing a given genotype depending on the real genotype, were scored for MAF 312 bins of 0.01 separately for the LD and 50K array data. We simulated genotyping-by-sequencing of tank 313 milk as follows. For each of the 8M SNP positions, we sampled local read depth ( ∈ integers) from a 314 Poisson distribution with mean C, where C is the average genome-wide coverage (0.25, 0.5, 1, 2 or 5).
315
We then sampled r reads, each with a probability = * (computed as above) of being the B-allele. 
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The cows were imputed to HD (777K SNPs) using a reference population of 800 unrelated Holstein- 
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The accuracies of the predictions were measured by the (i) correlation ( ) between real and estimated 409 ) , and/or (ii) the ability to discriminate animals with SCC above versus below a certain threshold 410 value measured as ( s + t )/ , where s stands for the number of true positives, t for the number 411 of true negatives, and for the total number of cows.
412
To test the effect of sequence depth on accuracy we sampled reads overlapping SNP positions with 413 probability , such that ( × ) = , where is the desired sequence depth.
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